THE ENZYME GLUTAMIC OXALACETIC ThANSAMINASE (GO-T), which serves as a catalyst for the reversible reaction of a-ketoglutarate and l-aspartate to produce oxalacetate and i-glutamate in biologic systems, has long been known to be a normal component of the serum proteins.
The enzyme is widely distributed in animal and human tissues but its greatest activity has been found in homogenates of heart muscle, skeletal muscle, brain, liver, kidney, testis, lung, and spleen, in decreasing order (1, 2) . In recent years, as a result of the development by Karmen (3) of a simplified, accurate, and fairly rapid method for the determination of the activity of the enzyme, considerable interest has been aroused in the clinical implications of increased levels of this enzyme in human and animal sera during certain pathologic states involving damage to these transaminase-rich tissues.
The current work being reported in the literature deals primarily with attempts to correlate the elevated serum levels of GO-T with the extent of damage to these tissues.
One of the primary tissues to be investigated has been heart muscle. between peak SGO-T levels and the extent of myocardial necrosis (5, 6, 7, 8, 9) . It has also been found that in persons with coronary atherosclerosis, or with diseases predisposing to atherosclerosis (diabetes, nephrosis), there is a tendency to the reduction of albumin and a-lipoprotein and a relative and absolute increase in fl-lipoprotein (10) . In a report made by the Committee on Lipid and Lipoprotein Nomenclature of the American Society for the Study of Atherosclerosis (11), it was suggested that the terms "a" and "fl"-lipoproteins be restricted to lipoproteins with electrophoretic mobilities of the "s" and "fi" globulins of the serum, respectively.
Since there is an increase in the concentration of the protein SGO-T in myocardial infarctions and an increase in the 13-lipoproteins in coronary atherosclerosis, it was thought that the SGO-T might in some way be associated with the fl-globulin fraction of the serum proteins.
Pyridoxal phosphate has been shown to act as the coenzy-me for the transamination reaction (12) and it has been suggested that the linkage between the enzyme and the coenzyme is of a nonionic nature, due to the universally experienced difficulty in resolving the enzyme into apoenzyme and coenzyme and to the requirement for relatively prolonged preincubation periods between the apoenzyme and pyridoxal phosphate for activation of the vitamin B-6 enzyme (13). An attempt has been made in this investigation to further establish the nature of this linkage.
METHODSAND MATERIALS
In order to study the electrophoretic migration pattern of SGO-T, the electrophoretic separation of the serum proteins in a paper-stabilized medium was selected as the tool to be used, since it has become a widely utilized and useful means of studying proteins in both normal and pathologic states. For the detection of transaminase activity in the serum-protein fractions, the spectrophotometric method devised by Karmen (3, 14) was used, in which the transamination reaction is coupled to the reduction of oxalacetate to malate by reduced diphosphopyridine nucleotide (DPNH) in the presence of excess purified malic dehydrogenase.
The oxidation of DPNH, and therefore the transamination reaction, is followed by measuring the decrease in light absorption at a wave length of 340 mjs, at which the reduced pyridine nucleotides have an absorption peak (15).
IONO6RAPHIC SEPARATION OF THE SERUM PROTEINS
The apparatus used in the separation of the serum proteins was the Precision Ionograph. 1 The prototype of this apparatus and the experimental technique employed in its operation have been described in detail by McDonald et at. (16, 17, 18) . The temperature of the system was maintained at 25#{176} throughout all runs by circulating water from a constant-temperature bath through the apparatus. The material used as the stabilizing medium was Whatman No. 1 ifiter paper strips (one half inch in width). The buffer system was diethylbarbituric acid and sodium diethylbarbiturate (veronal) of ionic strength 0.07, pH 8.9 at 25#{176}, and a total concentration of 0.0772 M. A water-saturated helium atmosphere was maintained in the chamber of the ionographic apparatus in order to dissipate the electrical energy developed in the strips and to minimize the loss of water by evaporation (18) . The method of ionography used was the horizontal strip method described earlier by McDonald et at. (18) .
The strips (31 cm. in length from buffer to buffer) were saturated with the veronal buffer solution prior to being placed in the ionographic apparatus. A 1-hour equilibration time was maintained under the same conditions as the run itself before the samples of rat serum were applied to the center of the paper strip. A potential of 4.8 volts per cm. was then applied across the strips containing the migrant for a total of 7 hours. After the 7-hour separation, the strips (7 in number) were removed from the ionographic apparatus and dried at a temperature not exceeding 37#{176} in a stream of warm air. One strip from each set of 7 strips was stained for protein with bromphenol blue and used as a reference to locate the protein bands on the 6 remaining strips.
The areas corresponding to the protein bands were then cut from the strips, and after a total of 10 runs on the ionograph the bands were combined, making a total of 60 bands per protein fraction.
Since 5-ILl, samples of rat serum had been applied per paper strip, this combined sample represented the protein fraction from 300 ,4. of serum. Each of the combined samples was then balanced against an equal weight of filter paper, cut from a section of the strip out of the range of the migrating proteins, which was used as a control in the subsequent spectrophotometric analyses. Both the protein bands and the controls were then eluted with 0.1M phosphate buffer solution (pH 7.4) and the eluate diluted to 3 ml. with the buffer 
solution.
The samples were then ready for the analysis of transaminase activity by the spectrophotometric method.
SPECTROPHOTOMETRIC DETERMINATION OF TRANSAMINASE ACTIVI1Y
In the spectrophotometric analysis the following solutions were mixed and incubated for 30 minutes at 25#{176}, in a 3-ml. silica absorption cell: 0.5 ml. of 0.2M 1-aspartate (sodium salt in phosphate buffer) 0.1 ml. of a buffered solution of malic dehydrogenase (50 ,'g. per ml.) 0.3 ml. of a buffered solution of reduced diphosphopyridine nudeotide (0.8 mg. per ml.)
1.3 ml. of the protein sample solution 0.6 ml. of 0.1M phosphate buffer (pH 7.4) The reference cell contained the same components as the sample cell except that an additional 0.3 ml. of the phosphate buffer was substituted for the 0.3 ml. of reduced Coenzyme I. The control was run in exactly the same way as the sample. After the 30-minute incubation period, 0.2 ml. of 0.1M a-ketoglutarate (sodium salt in phosphate buffer) was added to the reaction mixture and the decrease in optical density observed at a wave length of 340 m& over a 13-hour period in the Beckman DTJ Spectrophotometer.
The difference (in optical density units) between the decrease in optical density of the sample at the end of the 13-hour period and the decrease in optical density of the control at the same time was taken as a measure of the transaminase activity of the protein fractions and designated as "activity units" in the accompanying tables and figures. Auto-oxidation of the reduced diphosphopyridine nucleotide takes place during the 13-hour incubation period as seen from the spectral curves in Fig. 1 . The solid line in Fig. 1 represents the spectrum of a solution containing 0.3 ml. of reduced Coenzyme I (0.8 mg. per ml.) and 2.7 ml. of 0.1M phosphate buffer (pH 7.4) in the silica cuvet. The dotted line represents the spectrum of the same solution after a 13-hour incubation.
This auto-oxidation is compensated for in these experiments by the controls which were run with each protein sample.
An examination of Fig. 2 and Table 1 indicates that some reduction in optical density was brought about by all the protein fractions tested. This reduction may be due to an incidental protein effect on the reduced Coenzyme I or to the presence of relatively small quantities of transaminase being present in all the protein fractions. The The maximal activity, however, is again found to be in the area of the a-globulins.
DISCUSSION
Although some transaminase activity has been found in all the protein fractions from rat serum separated by paper electrophoresis, the maximal activity of serum glutamic oxalacetic transaminase has been found to be associated with the a-globulins. The activity found in the ,6-and y-globulins may be due to some adsorption of the enzyme to the filter paper strip during the process of electrophoresis, while the activity in the albumin and a-j globulins may be attributed to some of the enzyme being more or less swept along by the large bulk of albumins present in the serum. Contrary to expectations, relatively little transaminase activity was found in the fi-globulins. Thus, apparently, no correlation exists between the increased fl-lipoprotein levels observed in coronary atherosclerosis and the elevated serum glutamic oxalacetic transaminase levels found in myocardial infarctions.
Since incubation of the serum-protein fractions with pyridoxal phosphate did not change the position of maximal activity of the transaminase in the electrophoretic pattern, the enzyme was apparently supplied with the coenzyme and not separated from it during electrophoresis, indicating that the bond between apoenzyme and coenzyme is nonionic in nature.
SUMMARY
Using the combined technics of the ionographic separation of serum proteins in a paper-stabilized medium, as described by McDonald et al. (16, 17, 18) , and the spectrophotometric procedure for the determination of transaminase activity developed by Karmen (3, 14) , the electrophoretic migration pattern of the enzyme glutamic oxalacetic transaminase in rat serum has been examined. The major portion of the transaminase activity has been found to be associated with the a-globulin fraction of the serum proteins.
Further evidence has been presented for the assumption of a nonionic linkage between the enzyme and its coenzyme, pyridoxal phosphate.
